on behalf of the China Kadoorie Biobank Collaborative Group* Background--Self-rated health (SRH) is a strong predictor of mortality in different populations. However, the associations between SRH measures and risk of ischemic heart disease (IHD) have not been extensively explored, especially in a Chinese population.
I
schemic heart disease (IHD), also known as coronary heart disease, is a leading cause of disease burden worldwide in terms of both years of life lost from IHD deaths and years of disability lived with nonfatal IHD. 1 Despite a decrease in agestandardized mortality of fatal and nonfatal IHD in highincome countries since 1990, IHD remained as a leading cause of death between 1990 and 2013 in China. 2 A total of 230 million adults suffered from IHD 3 and 1.4 million people died from IHD in China in 2013. 4 Demographic and social transitions including rural-to-urban migration, population growth, and aging were projected to further increase IHD incidence in China. 5 Thus, prediction and early detection of IHD is of great importance for the prevention and control of IHD.
As a simple and relatively subjective index, self-rated health (SRH) status has been used to predict cardiovascular mortality [6] [7] [8] and all-cause mortality [6] [7] [8] [9] [10] [11] [12] [13] in different populations. The association between SRH and risk of incident IHD has been less frequently explored. In an early prospective study in Danish adults, 14 a positive association was observed, whereas another study in Finnish men reported that the positive association vanished after adjustment for comorbid diseases, suggesting that perceived health levels mainly reflected underlying disease burden. 13 The US Health and Retirement Study found that SRH predicted onset of major chronic diseases including IHD. 15 However, only global SRH was examined in these studies, and other measures of SRH such as age-comparative SRH were not studied previously. All 3 studies had small sample sizes (<5000) with limited statistical power for subgroup analyses. To the best of our knowledge, no study ever evaluated the predictive value of SRH for incident IHD in the Chinese population, even though SRH was found to predict mortality in Chinese adults. 11, 16, 17 We aimed to investigate associations of global SRH and age-comparative SRH with incident IHD using data from the China Kadoorie Biobank. Given the inconsistency and limitations of prior studies, we hypothesized that our study would support the utility of subjective health assessment for predicting IHD.
Methods

Study Population
The China Kadoorie Biobank study is a large population-based prospective cohort study launched in China in 2004. This study was designed to investigate the influence of environmental factors, genetic variations, and their interactions on the morbidity and mortality of various chronic diseases. Participants were from 10 regions covering 5 rural counties (Gansu, Henan, Zhejiang, Sichuan, and Hunan provinces) and 5 urban cities (Harbin, Qingdao, Suzhou, Liuzhou, and Haikou); among these 10 regions, 4 are located in north China (Harbin, Qingdao, Gansu, and Henan), whereas the other 6 are in the south. The cohort design, sampling strategy, and baseline characteristics were reported elsewhere. 18, 19 A total of 512 891 adult residents aged 30 to 79 years were enrolled between 2004 and 2008. Baseline information such as demographic characteristics; socioeconomic status (SES); personal behaviors; general health; family history; mental health; and, for women only, reproductive history was obtained by trained communityor village-level health professionals via a computerized direct data-entry system for the questionnaires. After the interview, various physical measurements such as height, weight, and blood pressure were undertaken for each participant, and a 10-mL blood sample was collected. We excluded 26 350 participants with prior history of IHD (n=15 472), rheumatic heart disease (n=938), stroke or transient ischemic attack (n=8884), or cancer (n=2577), as well as 2 persons with missing values for body mass index. A total of 486 541 participants (199 113 men and 287 428 women) were included in the final analysis. The study was approved by the ethics review committee of the Chinese Center for Disease Control and Prevention (Beijing, China) and the Oxford Tropical Research Ethics Committee, University of Oxford (UK). Written informed consent forms were obtained from all participants included in the study.
Exposure Variables
Two questions were asked in baseline interviews to assess the SRH status of each participant: (1) How is your current general health status: excellent, good, fair, or poor? (2) How is your current health status compared with someone your own age: better, about the same, worse, or don't know? We considered the first question as global SRH and the second as age-comparative SRH. Participants answering "don't know" for the second question (n=14 990, 3.08%) were excluded when examining the association between age-comparative SRH and incident IHD. All participants answered the 2 questions, and no data were missing for the 2 assumed exposure variables.
Outcome Variables
Information on incident IHD was regularly collected through linkage with the regional disease registry system and, through unique national identifiers, with an established national health insurance system, which records details of International Classification of Diseases, 10th Revision (ICD-10) coded
Clinical Perspective
What Is New?
• Although self-rated health status has been used as a predictor for cardiovascular and all-cause mortality, its association with the risk of ischemic heart disease remains controversial.
• In this prospective megacohort of more than half a million Chinese, participants reporting poor global or worse agecomparative self-rated health had %75% higher risk of future ischemic heart disease (independent of multiple traditional risk factors for ischemic heart disease).
• The magnitude of association was different across study locations, education levels, and household income levels. Nevertheless, the associations were robust and persisted in all subgroup and sensitivity analyses.
What Are the Clinical Implications?
• Although more research is warranted, physicians can use the 2 easily obtained self-rated health measures as screening tools to identify individuals who may have higher risk of incident ischemic heart disease and to provide health education and therapies to improve cardiovascular care.
hospitalization information. 18 The vital status of each participant was obtained by linkage to China's Disease Surveillance Points system, checked annually against local residential cards, health insurance records, and local street committees. 19 Scanned copies of original disease reporting cards and official death certificates were obtained for each incident event, and new IHD cases were adjudicated by trained physicians blinded to the baseline exposure status and were coded as I20 to I25 (ICD-10).
Confounding Factors
The following demographic and socioeconomic characteristics were obtained in , and occupation (farmers, factory workers, professionals and managers, retirees, unemployed and others). Women were asked about their menopausal status (pre-, peri-, and postmenopause). All participants were also asked about their lifestyle behaviors, such as cigarette smoking (never, former, occasionally, and current smoker), alcohol consumption (never, former, occasionally, and weekly), sleep problems (yes or no), and physical activity level (calculated by adding up metabolic equivalent tasks for daily work or leisure activities). Eleven types of chronic comorbidities including tuberculosis, asthma, cirrhosis, chronic hepatitis, peptic ulcer, gall/bladder stone, kidney disease, fracture, rheumatoid arthritis, psychiatric disorder, and head injury were selfreported at baseline. Participants were also asked about diabetes mellitus and hypertension, as well as family history of heart disease. Prevalent diabetes mellitus was defined as selfreported diagnosis of diabetes mellitus, use of antidiabetic medications, or fasting plasma glucose ≥7.0 mmol/L. 20 Prevalent hypertension was defined as measured systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg, self-reported diagnosis of hypertension, or use of antihypertensive medication. 21 Past-year major depression was assessed using the Chinese version of the computerized Composite International Diagnostic Inventory-Short Form; a detailed description of the assessment procedure was given elsewhere. 22 Body height and weight were measured by trained staff, and body mass index was calculated as weight in kilograms divided by the square of height in meters.
Statistical Analyses
Baseline characteristics by global SRH categories and agecomparative SRH groups were compared using ANOVA and v Global SRH and age-comparative SRH were analyzed separately as exposures and were incorporated in the same model to explore whether they were independent of each other. To compare the predictive power of the 2 exposures, Harrell's C statistic was calculated in both model 3 plus global SRH and model 3 plus age-comparative SRH. Stratified analyses were performed by age (30-59, 60-69, and ≥70 years), sex, administrative regions (urban and rural), geographical regions (north and south), study location (10 locations), education level (no formal education, primary school, middle school or higher), household income (<10 000, 10 000-34 999, and ≥35 000 Chinese yuan), cigarette smoking (never, former, and current smoker), alcohol consumption (never, former, and current drinker), physical activity (low, moderate, high), body mass index (<18.5, 18.5-23.9, 24.0-27.9, and ≥28.0 kg/m 2 ), hypertension, and diabetes mellitus. Tests for interaction were conducted by adding interaction terms in model 3. Sensitivity analyses were conducted to test the robustness of the association by excluding major depression, baseline comorbidities (diabetes mellitus, hypertension, and other comorbidities), and those who died or developed IHD in the first 2 years of follow-up. Sensitivity analysis was also conducted by including those reporting "don't know" to the age-comparative SRH question. All analysis was performed using SAS 9.3 (SAS Institute Inc), and 2-sided P<0.05 was considered statistically significant. reported fair SRH, and 9.2% reported poor SRH. Compared with participants with excellent global SRH, those who reported poor SRH were older, poorer, and less educated; they had higher prevalence of sleep problems, preexisting major depression, diabetes mellitus, hypertension, and other comorbidities; and they were less likely to be physically active, current drinkers, and smokers, but they were more likely to be farmers, female, single, and underweight (all P<0.001).
Most participants (63.5%) reported age-comparative SRH as same, whereas 18.7% reported better, 14.8% reported worse, another 3.1% reported "don't know" (Table S1 ). Comparisons of characteristics between better and worse age-comparative SRH were consistent with those between excellent and poor global SRH.
A total of 24 705 incident IHD cases were identified during 7.0AE1.5 years of follow-up. Absolute incidence rates according to global SRH categories were 6.0, 5.3, 8.2, and 11.0 incident IHD cases per 1000 person-years for participants reporting excellent, good, fair, and poor global SRH, respectively. Relative to those reporting excellent baseline SRH, people with poor SRH were 1.96 times more likely to develop IHD after adjustment for age, sex, study location, marital status, education level, household income, occupation, and menopausal status ( Table 2 ). The association was attenuated but remained significant (HR 1.76; 95% CI, 1.68-1.85) after further controlling for various cardiovascular risk factors such as baseline hypertension and diabetes mellitus. Although the association between SRH and incident IHD was modified by geographical region, education, and income (all P for interaction <0.05), significantly increased risk was observed across all subgroups in stratified analyses ( Figure 1 and Table S2 ). No effect modifications by other covariates were observed.
Substantial variations in different study locations were found for the association between SRH and IHD risk: The HRs comparing poor with excellent SRH ranged from 1.24 (95% CI, 1.09-1.41) in Gansu residents to 2.77 (95% CI, 2.06-3.73) in Sichuan residents ( Figure S1 ).
The absolute incidence rates according to age-comparative SRH groups were 6.2, 6.9, and 10.1 incident IHD cases per 1000 person-years for participants reporting better, same, and worse age-comparative SRH, respectively. Compared with participants who reported better age-comparative SRH status, Table 2 ). The association merely changed in sensitivity analyses including those answering "don't know" (Table S3 ). Participants from north China with lower income showed a relatively weaker association (all P<0.05 for interaction), whereas the association was stronger among current drinkers versus never drinkers (P<0.001 for interaction; Figure 2 and Table S4 ). Effect modification by other covariates was not observed. When agecomparative SRH and global SRH were incorporated into the same model, their effect sizes were attenuated, but both remained independently associated with incident IHD (Table S5 ). The distribution of global SRH by age-comparative SRH was shown in Table S6 . The weighted j value of the consistency test for the 2 exposures was 0.29 (95% CI, 0.28-0.29), suggesting that they may provide overlapping information about health but are not interchangeable. The Harrel's C statistic values were both 0.77 in the final model with the 2 measures separately (P=0.39 comparing the 2 models). Substantial variations were observed in the association among different regions, and the HR for IHD ranged from 1.19 (95% CI, 1.06-1.33) in Gansu residents to 2.92 (95% CI, 2.16-3.96) in Zhejiang residents when comparing worse versus better age-comparative SRH ( Figure S2 ).
After excluding those with major depression or baseline comorbidities or those who died or developed IHD in the first 2 years of follow-up, associations between both global and agecomparative SRH and risk of IHD merely changed (Table S7) .
Discussion
In this large population-based prospective study, we found that both global and age-comparative SRH was associated with the risk of developing IHD in Chinese adults. The associations were independent of multiple well-established cardiovascular risk factors and might be modified by study location, education level, and household income.
Although SRH was considered a strong predictor of cardiovascular mortality [6] [7] [8] and all-cause mortality, 6-13 its utility for predicting risk of incident IHD has rarely been examined. In a Danish cohort of 1052 men and women, 14 Moller et al first reported that poor or miserable SRH was associated with a substantially higher risk of IHD; however, the sample size was small, with only 50 incident cases during 16 years of follow-up. In study of US adults aged 51 to 61 years, 15 SRH was a significant predictor of new-onset IHD, stroke, and other major chronic diseases except cancer. In this study, 691 incident IHD cases in 4770 participants were identified over a maximum of 16 years' follow-up. Another study among 2682 men aged 42 to 60 years in eastern Finland also reported a significant association between perceived health status and risk of myocardial infarction 13 ;
however, the association was attenuated to null after adjustment for baseline comorbidities (including symptomatic and asymptomatic coronary heart disease, stroke, diabetes mellitus, cancer, etc). The study followed participants for an average of 5.8 years and identified 205 incident myocardial infarction cases, but baseline cardiovascular diseases were not excluded. These studies suffered from limitations such as small sample size, single-sex participants, and small number of incident cases, [13] [14] [15] and their findings were largely inconsistent. Our study is thus the largest prospective study on this topic and the first in an Asian population. We used data from an ongoing Chinese megacohort study with participants who had different SES, lifestyles, and disease profiles. Consequently, we believe that our study provides compelling evidence of the association between SRH and incident IHD. Poor vs excellent global self-rated health and risk of ischemic heart disease in the China Kadoorie Biobank study: stratified analysis. Hazard ratios (95% CIs) were calculated after adjustment for age, marital status, household income, education level, occupation, menopausal status, sleep problems, alcohol consumption, cigarette smoking, physical activity, body mass index, family history of heart disease, baseline major depression, diabetes mellitus, hypertension, and other comorbidities, except for the stratified variable in the corresponding stratified analysis. BMI indicates body mass index; CI, confidence interval; MET, metabolic equivalent; RMB, Chinese yuan renminbi. Figure 2 . Worse vs better age-comparative self-rated health and risk of ischemic heart disease in the China Kadoorie Biobank study: stratified analysis. Hazard ratios (95% confidence intervals) were calculated after adjustment of age, marital status, household income, education level, occupation, menopausal status, sleep problems, alcohol consumption, cigarette smoking, physical activity, body mass index, family history of heart disease, baseline major depression, diabetes melllitus, hypertension, and other comorbidities, except for the stratified variable in the corresponding stratified analysis. BMI indicates body mass index; CI, confidence interval; MET, metabolic equivalent; RMB, Chinese yuan renminbi.
Because of the large sample size, we were able to explore associations in different subgroups, which was not possible in the previous 3 studies of the association between SRH and incident IHD. [13] [14] [15] We found that education and income, 2 commonly used indicators of SES, may modify the associations among global SRH, age-comparative SRH, and IHD risk:
The associations were stronger among those with higher SES. This finding is consistent with those from studies of the influence of SRH on mortality. 23, 24 People with higher SES may better understand their underlying health risks or objective health conditions 25 and may rate their health status more negatively when they are in a worse condition compared with their less educated or affluent counterparts. 23 We also found that the associations were stronger in south versus north China and in urban versus rural areas; these results may be attributable to discrepancies in overall SES in different regions, although we controlled for education levels, household income, and occupation in the models. The associations varied substantially across 10 study locations, but the exact reasons are unknown. We suspect that this may be due to different economic development levels across study sites. Culture, lifestyle, environment, and disease patterns were all different in different cities, 26, 27 which may also potentially influence both SRH and heart disease. [28] [29] [30] [31] [32] [33] However, positive associations existed across all subgroups, and SRH may be a reliable measurement for predicting IHD risk.
In addition to global SRH, we also examined the association between age-comparative SRH and risk of IHD. Some studies investigated the association of both measures of SRH with mortality, 6,10,12,34-37 but very few included both SRH measures in one model. 12, 35, 36 Consequently, it is difficult to directly identify which one is better for predicting cardiovascular mortality. Some studies argued that the association between age-comparative SRH and mortality was stronger and more consistent than that between global SRH and mortality 6,10,34 because age-comparative SRH had an explicit reference frame and compared health status for the same age, and thus was semantically clearer than global SRH. 10, 34 Some thought, however, that global SRH was a preferable measure in longitudinal studies with a wide age range 12, 37 because the age-comparative index tended to improve with age because of lower expectations for health among older adults, and thus reporting may be less reliable. Others contended that both measures were equally predictors of mortality and may not be comparable because different wording may capture different domains of health. 35, 36 In a semantic study, investigators reported that global SRH was mainly connected to unspecific terms related with health such as function, habits, youth, and diet, whereas age-comparative SRH additionally led to social comparison, performance, and personal achievement. 38 In our study, we controlled age in all models, but associations between 2 measures and risk of IHD were statistically significant in overall analysis, and the associations remained strong in each age stratum for both measures in stratified analysis. In the models where both global SRH and age-comparative SRH were included, the magnitude of associations was reduced but both remained significant. was not commonly recognized and should be further investigated. The strengths of our study include its prospective study design, large sample size, multiple stratified analyses, and investigation of 2 measures of SRH in 1 study and in 1 model. This study also has a few limitations. First, inaccurate reports of exposures due to poor understanding of the 2 questions might exist. In our study, participants were from 10 locations and had differences in age, SES levels, culture, and social environments that could influence understanding of the questions and selection of the answers. Second, objective health status may confound the associations between SRH and IHD risk but might not be adequately adjusted in analyses. In one study, 13 the association between SRH and myocardial infarction was attenuated to null when objective health conditions were added in the model. In our analyses, we excluded participants with baseline IHD, rheumatic heart disease, stroke, transient ischemic attack, and cancer and controlled for history of diabetes mellitus and hypertension in the models. We further excluded participants with major depression and comorbidities including diabetes mellitus, hypertension, and another 11 chronic diseases in the sensitivity analysis, and the associations remained unchanged. Third, there was a possibility of reverse causality bias. Participants may report poor global SRH or worse agecomparative SRH at baseline because of undiagnosed cardiovascular disease; however, the positive associations between the 2 measures and IHD persisted even after we excluded those who died or developed IHD in the first 2 years after recruitment. Fourth, despite our efforts to control potential confounders, residual confounding might still be possible because of influence from factors such as air pollution, stress, or local culture. These might need to be controlled in future studies. Last, because all participants were Chinese, the results may not be generalized to other ethnicity groups; further investigations in other populations are warranted.
Conclusions
Both global SRH and age-comparative SRH were sensitive predictors of IHD risk in China. Our findings suggest that the 2 SRH measures may provide additional value on top of traditional clinical measurements and well-established risk factors of IHD. They may be useful as screening tools in resource-limited settings. Given the limited number of highquality studies on this specific topic, whether global SRH and age-comparative SRH can be applied in IHD risk assessment model or whether they can be used as screening tools in community and clinical care deserve further investigation.
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